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Closed single-use syste m for mixing, storing and 
homogenizing liquids in dean or sterile conditions 
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5 The present invention relates to a closed single-use system for mixing, 

storing and homogenizing liquids in clean or sterile conditions, which can 
preferably be used in the biopharmaceutical, pharmaceutical and medical 
industries. 

In the medical, biopharmaceutical, pharmaceutical or paramedical 
10 fields, but also in other fields such as in particular that of food, the problem 
arises of the mixing of large volumes of fluids in clean or sterile conditions. 

The mixing of liquids in clean or sterile conditions is a common 
operation which must often meet the following criteria: 

the maintenance at the lowest possible level of an initial biocharge 
in the constituents of the mixture and in the mixture itself; 
as limited as possible an endotoxins content in the constituents of 
the mixture and in the mixture (and often the combination of the two 
criteria above); 

in more critical conditions, also the maintenance of the sterility of 
the constituents of the mixture and of the resulting mixture; 
- in even more special conditions, in addition to the above criteria, the 
protection of the operators from the potential toxicity of the 
constituents of the mixture and of the mixture itself. 
Currently, this type of mixing operation is generally carried out 
25 using stainless steel tanks fitted with a stirrer immersed in said tanks. 

The cost of these tanks is such that they must, naturally, be 
This involves a certain number of associated disadvantages and 
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reusable, 
risks. 
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The most significant of these risks are the following: 
the need to prepare the tank in advance, which involves on-site 
cleaning, disinfection and pre-sterilization (CIP or Clean In Place) 
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and on-site sterilization operations, for example using flowing steam 
(SIP or Steam In Place); 

- the use of a tight-seal tank with a mixer, typioally a mixer with 
propellers, immersed in the tank, necessitates the use of a stuffing 
box around the shaft of the mixer in order to make the system tight 
Pre-sterilization and sterilization operations are costly, and these 
operations must be revalidated regularly, taking into account the 
ever increasing demands of the regulatory, health or other 
authorities; 

1 0 - a risk of bacterial contamination, either through the opening of the 

tank, or through the stuffing box, even due to operator error 
- finally, the usual risk of cross-contamination between batches 
wh,ch is a risk inherent in the re-use of equipment, may be cited 
15 „. k, . l,WOUldthereforebedesira ^*o bave available a mixing system 
15 preferably s,mp,e in design and structure, which satisfies a„ or some of the 
criteria mentioned above. 

US-A-5 941 635 describes a system comprising a bag fitted with 
several dip tubes, in which the liguid to be m.ed is sampled in the middte ofl 

20 baa' b 8 " 19 ° f ,Ub6S ' S3W ' iqUid re,UmS via of the 

and , hi ^ ° " imerna ' * Ube COmPriSin9 3 head ' «— •» lop 

and the bottom of the bag. M 

han h ■ , APart ,r ° m "* ° 0mplexi,y ' ,hls s VStem involves operation inside the 

21 ZT r uc,ion ' in ~ r in order to insert ,he * «— - - 

25 paZs 6 ' S ' heref0re 3 Si9 " ifiCant "* * PV^enic 

This is why a subject of the present invention is a closed single- 
use system for mixing, sloring and homogenizing liquids, 
assembly confuted by a rigid container fitted with a non-invasive pump sa d 

30 f° Si " 9 " 9enera " y " a ' a ' te ^ -B. character- ed 

30 ma, the lower face of the bag contains an oriflce for the liquid to discharge to the 
ouls.de of the bag, me upper face contains an orifice for the return of the « 
Ihrough which said liquid returns to the inside of Ihe bag, said ori^ t 
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connected ,n flxed m anner by means of an externa, mixing duo, which is 
inserted ,n,o the pump which, during operation, a,,ows the closed-circuit 

si** I" ^ " qUW ' aken fr ° m ' he bMOm ° f SaW ba9 ' ,he »e,ng open 
so that the m,x,ng duct can be inserted into it and extracted from it 

5 The container can of course be reusable. On the other hand the 

bag and its duct can be used once. 

,k k TheSamPUng0ftheliquWiscarried ° u « ^irely at the bottom of 

he bag through the orifice for the liquid to discharge ,o the outside of ,he bag 

10 I Tl ,hrOU9h ^ eXtema ' miXin9 ** by ,he ™» „guid 

10 returns to the inside of the bag through ,he top, and it runs onto the upper 
surface of the liquid present in the bag. 

,n preferred embodiments of the invention, the external mixing duct 
,s fixed by each of its ends to the surface of the bag, without a dip tube or 
compnses a short dip tube, less than 2 cm long, in particular less than 1 cm 

In other preferred embodiments of the invention, the non-invasive 
pump ,s a peristaltic pump fitted with a rotor which compresses the external 

Zir.T T he ' P " *"° " * hree b,OCkS "* « hUS >— - P"— 
with each rotation towards delivery. 

I" ° rder '° better Unders,and me cooperation between the 
container and the bag, the operating mode o, the liquids-mixing system is 
exp,a,ned below. The assembly can operate as follows: 

into th A "I* IS in ' r0dUCed a ' ,0P ° f 3 C ° n,ainer ' ,he duct * »—*<• 
mo he pump, then the pump is actuated in Car to create a ciosed-circui, 

c,r u te „on of the liquid or liguids introduced into the container in order to carry 

2Z IT 9 ,™ 6 dimenSi ° nS ° f ^ ^ (ten9th ' diameter > and «■ 
must of course be compatible with the criteria of the pump chosen 

The liquids to be mixed can be introduced into the bag by aseptic 
connection under a laminar air flow hood to the sources of these I q ds in 

TSZJlc Sin9,e " USe Sterite -~" d ^~ * example of 

w en said b T PAU C °~ n a "« 

when said bag is in place in the container. 



4 



In the present application and hereafter, the term «container» 
describes for example a generally parallelepipeds stainless steel receptacle 
preferably made of 304L or 316L stainless steel of parallelepiped* shape the 
capacity of which is in particular suited to that of the bag installed in the latter 'and 
5 .n particular a receptacle of the type for example described in EP-A- 1 012 073 
The container is advantageously fitted with a metal casing, in particular of 
stainless steel. 

The pump can be installed above or preferably below the location 
provided for the bag. 

™ In preferred embodiments of the invention, the bottom of the 

container is fitted with an elongated slit allowing the insertion and the passage 
of the mixing duct. 

A device which can in particular be shifted parallel to the bottom of 
the container such as a flat slide valve is advantageously provided in order to 
15 part,a«.y close the slit, which allows the mixing duct to pass through while 
m.n.m.zing the free surface of the slit, and thus allows effective support of the 
bottom of the bag. 

In other preferred embodiments of the invention, the above 
conta.ner contains one or two side doors in order to allow the installation of the 
bag. 

In further preferred embodiments of the invention, the above 
container is fitted with a bottom wall which can be shifted horizontally, preferably 
removable in me manner of a slide valve, fitted w«h one or more, in par.iou.ar 
two, elongated slits. 

In further preferred embodiments of the invention, the flaps of the 
doors comprise a vertical U-section, the openings facing each other, into which 
a profiled plate is slid and adjusted so as to keep the door flaps held in the 
closed position. The centra, part of this plate is preferably coplanar with the 
internal surface of the two doors. 

In further preferred embodiments of the invention, the flap of a side 
door comprises a gate fitted with fastenings cooperating with systems provided 
on the other side door in order to keep the door flaps in the closed position 
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The central part of this gate is preferably coplanar with the internal surface of 
the two doors of the container. 

In further preferred embodiments of the invention, the flaps of two 
side doors comprise a U-section, the openings facing away from each other 
5 mto which a profiled and adjusted plate is slid comprising two U-bends the 
openmgs facing each other, in order to keep the door flaps in the closed 
pos.t.on. The central part of this plate is preferably coplanar with the two doors 
and advantageously forms a channel in which the mixing duct can be installed 
in order to protect it, preferably using a gate flap . 

1 ° ln further Purred embodiments of the invention, the protection for 

the mixing duct is integrated in a door of the container and preferably comprises 
a gate leaf. 

A cover, in particular such as that described in EP-A- 1 012 073, 
can advantageously be provided above the bag. 
15 m the present application and hereafter, the term «bag» describes 

for example a generally parallelepipedic container made of flexible plastic 
preferably transparent in order to be able to visually observe the cloudiness of the 
contents and in particular one of those described in EP-A- 1 012 227. 

Its capacity can be for example from 25 to 3000 litres, preferably 
20 from 50 to 1500 litres and in particular from 50 to 500 litres. 

It can be made for example from flexible plastic film based on 
polyethylene (PE), ethylene, vinyl acetate (EVA), polypropylene (PP) or 
advantageously a combination of these materials, preferably made of flexible co- 
extruded or laminated multi-layered, multiple-material laminated film and in 
part.cular made of a single multi-layered laminated film such as is described in 
EP-A- 1 012 227. 

It can comprise for example from 1 to 8, in particular from 1 to 4 
tubes welded or bonded onto flues provided on the top of the bag, one of the 
tubes being the duct above and 1 or more, in particular 1 or 2 bungholes at the 
bottom, one of the bungholes communicating with the duct above. 

The pump which can be used is of the non-invasive type A non- 
mvas.ve pump is a pump which acts on the circulation of a fluid without the pump 
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being in contact with the fluid. The pump which can be used is preferably a pump 
with several pump heads and in particular of the peristaltic type. Those marketed 
by the company WATSON MARLOW of the 700 series can be cited for example. 

The duct can be made for example from thermoplastic elastomer 
5 preferably from MARPRENE® and in particular from platinum-catalyzed silicone.' 
Its internal diameter can advantageously be comprised between 6 and 40 mm 
preferably comprised between 9 and 31 mm, quite particularly comprised between 
12.70 and 19.10 mm. 

It can advantageously contain, upstream and/or downstream of the 
10 pump, branches serving for example to add preferably liquid compounds after 
the initial filling or on the other hand to draw off some of the mixture, for 
example for sampling or also for drainage. 

The liquid-mixing systems of the present invention have 
remarkable features: 

15 - the number of connections in aseptic conditions is limited to the 

maximum, which reduces the risk of contamination of the products 
through contact with the operator's hands; 

- as the system is closed, it is protected from the ambient air, which 
consequently reduces the risks of bacterial contamination and limits 

20 the risks of oxidation; 

- also as a result of the closed nature of the system, the operator is 
not exposed to the possible toxicity of one of the constituents of the 
mixture or of the mixture itself. 

The system according to the invention allows the mixing of liquids 
25 in a closed circuit. 

Being single-use, the system of the invention eliminates any risk of 
cross-contamination between different batches. 

These features justify the use of the systems described above in 
numerous applications, bringing them the advantages described above. 
30 For example in the field of biotechnologies, the systems of the 

invention allow the preparation of cell culture media to be transferred into a 
b.oreactor, by dissolution of a mixture of powders in water for injectable 
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preparations. The addition to culture media of foetal calf serum, for example in 
order to produce a medium with 10 % of foetal calf serum, and the obtention of 
a homogenized mixture, can also be mentioned. 

The adjustment of the pH or of the conductivity of a culture 
5 medium by means of acid, basic or saline solutions and homogenization of the 
mixture can equally be mentioned. 

The preparation of buffer solutions intended for chromatography 
columns or for tangential filtration systems, in operations for the separation and 
or purification of compounds, and their homogenization, can also be mentioned. 
10 ,n a " these cases th e mixing is carried out, thanks to the systems 

according to the invention, in sterile conditions, no matter what the stage of the 
biotechnological process, in accordance with the requirements or 
recommendations of the regulatory authorities. 

In the pharmaceutical field, a standard application is for example, 
15 in traditional pharmacy, the bulk pharmaceutical formulation of solutions of 
injectable products, in particular cytotoxics such as anti-cancer drugs, and their 
bulk storage before pharmaceutical division into their final unit-dose packaging, 
for example in injection ampoules. Such an operation can be carried out thanks 
to the system according to the invention in a single stage, or be divided into two 
20 stages, preparation of a concentrated solution first, followed by dilution. 

In fact, the toxic nature of these solutions requires such mixing to 
be carried out in a closed system, even in a confined environment. 

In the medical field, one application is for example, in parenteral 
nutrition, the preparation of master batches of nutritive mixtures to be 
25 subsequently divided into multiple administration bags, starting from base 
solutes or suspensions such as amino acid solutions, glucose solutions, and/or 
lipid emulsions. 

All these features justify the use of the mixing systems described 
above in a method for mixing compounds. 

30 The closed single-use systems according to the invention are 

intended for the mixing of liquids. 
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This is why a subject of the present application is also a method 
for mixing compounds, characterized in that, in a rigid container fitted with a 
non-invasive pump, a single-use bag is introduced above, the lower face and 
the upper face of which are connected in fixed manner by means of a mixing 
duct, the duct is inserted into the pump, and the pump is actuated in order to 
produce a closed-circuit circulation of the liquid or liquids introduced into the 
container in order to carry out the mixing. 

In preferred embodiments of the method described above, the pump 
causes the mixture to circulate with a flow rate of 6 to 1500 litres per minute, 
preferably of 10 to 1000 litres per minute, quite particularly of 10 to 750 litres per 
minute. 

In other preferred embodiments of the invention, the generally 
parallelepipedic system is arranged so as to create turbulences during the 
recirculation through the duct, which facilitates the mixing of the contents. 

The preferred embodiments of the closed single-use systems 
described above also apply to the other subjects of the invention mentioned 
above, in particular to the methods for the preparation of mixtures. 

The invention will be understood better if reference is made to the 
attached drawings in which 

- Figure 1 represents an overall diagram of a single-use bag 
installed in its storage, transport and mixing device. 

- Figure 2 represents an overall diagram of a single-use bag 
installed in its storage, transport and mixing device. 

- Figure 3 represents a storage and mixing bag in perspective 
view as well as a pump used for mixing. 

- Figure 4 is a perspective view of a storage and transport 
device for bags that is used in implementing the mixing 
method according to the invention. 

- Figure 5 is a perspective view of a storage and transport 
device for bags that is used in implementing the mixing 
method according to the invention. 
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- Figure 6 represents a detail of front-door closing of a 
transport and mixing device according to the invention. 

- Figure 7 represents a detail of front-door closing of a storage, 
transport and mixing device according to the invention. 

5 - Figure 8 represents a front-door detail of a storage, transport 

and mixing device according to the invention . 

- Figure 9 represents a front-door detail of a storage, transport 
and mixing device according to the invention. 

Figures 10 and 11 represent a top view of a detail of the 
10 bottom wa " of a storage, transport and mixing device 

according to the invention. 

- Figure 12 represents a variant embodiment of the device 
illustrated in Figure 1 1 . 

F '9 ure 1 3 represents a top view of a detail of the bottom wall 
15 of a borage, transport and mixing device according to the 

invention. 

In Figure 1, a container 1 enclosing a generally parallelepipedic 
single-use bag 2 is seen. The lower face of the bag 2 includes an orifice for the 
liquid to discharge to the outside of the bag, and the upper face includes an 
20 orifice for the liquid to return, through which said liquid runs into the inside of the 
bag 2. The two orifices of the bag 2 are connected in fixed manner by means of 
a mixing duct 3. 

This fixed mixing duct 3 is functionally inserted into a pump 4 
situated above the bag, which, by its rotation, allows the liquid to circulate for 
25 example from the bottom of the bag to its top, in the direction indicated by the 



arrows. 



The container 1 can be opened at the side thanks to two doors 5 
6 allowing the lateral opening of the container 1 . It is thus easy to insert the bag 
2 with its fixed duct 3 into the container 1, and to insert the mixing duct 3 into 
30 the pump 4 in the operating position. 

Figure 2 is a variant of Figure 1, in which the pump is installed 
below the bag instead of being installed above the bag as in Figure 1. In this 
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diagram, the doors 5, 6 of the container have been represented in a semi-open 
position. The bottom 7 of the container 1 can also be seen, which bottom 7 is 
intended to support the bag 2. The bottom 7 is fitted with an elongated slit 8 
allowing the insertion and the passage of the fixed mixing duct 3. 
5 In Figure 3, a bag 2 is seen for implementing the method 

according to the invention. This single-use bag 2, of the type described for 
example in EP-A- 1 012 227, in particular includes a bottom wall 10 which 
comprises an orifice for the liquid to discharge to the outside of the bag, and a 
top wall 1 1 which includes an orifice for the liquid to return into the bag. A fixed 
10 mixing duct 3 connects, in fluid communication, the discharge orifice and the 
return orifice arranged on the top wall 1 1 . This duct is long enough to be able to 
be inserted into a pump 4 forcing a liquid contained in the bag 2 to circulate, 
being drawn off through the bottom 10 of the bag 2 in order to be poured back 
into the bag when returning through its top wall 1 1 . 

15 The exter nal mixing duct 3 is attached by each of its ends directly 

to the surface of the bag, without a dip tube. 

The bag 2 represented here also includes, in addition to the door 
giving access to the interior of the bag 12 on which the fixed mixing duct 3 is 
installed, three other doors giving access to the interior of the bag, 13, 14, 15 

20 which can in particular serve for the addition of various liquids in order to 
produce a mixture. In the enlarged section at the top, a variant is represented 
in which a branch 16 has been installed on the fixed mixing duct 3. Similarly, 
the enlarged section at the bottom illustrates a variant in which a branch 17 has 
been installed in the lower part of the mixing duct 3. 

25 ln F '9 ure 4 - whic h represents a container 1 according to the 

invention (without the pump) an elongated slit 8 allowing the passage of a fixed 
mixing duct 3 can be seen more clearly. A slide valve 20 allows the slit to be 
partially closed, so as to allow the passage of only the mixing duct 3 and thus 
firmly support the bottom of the bag. 

30 ln Figure 5 a container 1 according to the invention has been 

represented, fitted with a bottom wall 10 that can be moved in the manner of a 
slide valve fitted with two elongated slits 8. 
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In Figure 6 a detail of the closing of doors 5, 6 of a container 1 
according to the invention has been represented. The frame edge of the doors 
5, 6 is standard, but the flaps comprise a U-section, the openings facing each 
other, into which a profiled plate 21 is slid and adjusted in order to keep the 
5 flaps of the doors 5, 6 in the closed position. The central part 22 of this plate is 
coplanar with the two doors 5, 6. 

In Figure 7 a detail of another type of closing of doors 5, 6 of a 
container 1 according to the invention has been represented. The frame edge 
of the side door 5 is standard and the flap comprises a gate 23 fitted with 
10 fastenings cooperating with systems provided on the other door 6 in order to 
keep the flaps of the doors 5, 6 of the container in the closed position. The 
central part 22 of this gate 23 is coplanar with the two doors 5, 6 of the 
container. 

In Figure 8 a detail of closing of doors 5, 6 of a container 1 
5 according to the invention can be seen. The frame edge of the doors 5, 6 of the 
container is standard but the flaps comprise a U-section, the openings being 
turned away from each other, into which a profiled plate 24 is slid and adjusted 
in order to keep the flaps of the doors 5, 6 in the closed position. The central 
part 22 of this plate is coplanar with the two doors 5, 6 and forms a channel in 
which the mixing duct 3 can be installed in order to protect it, using a gate flap. 

In Figure 9, the protection of the mixing duct 3 is integrated in the 
door 6 of the container and also comprises a gate flap. 

Figures 10 and 11 illustrate how to close the bottom wall of the 
container over the mixing duct 3 after installation of a bag. 

Figure 12 illustrates in a top view a variant of Figure 10, fitted with 
individual door flaps 5, 6 mounted in the closed position in Figure 13. 

Figure 13 illustrates in a top view in particular the sealing of the 
bottom slit 8 of the container, after the passage and installation of the fixed duct 
3 (not represented), by means of a rotary guillotine closing system 27, as well 
as the sealing of the front face of the container, after the passage of the fixed 
duct 3, by means of a U-section 24 slid between the door flaps, according to the 
embodiment of Figure 8. The fixed duct 3 crosses the plane of this figure in two 
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places, namely the bottom plate 7 (duct not represented) and the central space 
of the closure section 24 (duct 3 represented). 



